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Am obstruction of the upper intestinal  tract of the dog is promptly 
followed by profound  chemical  changes in  the  blood.  There  is pri- 
marily a  fail in the chlorides and usually a  coincident rise in the CO~- 
combining  power  of  the  plasma. I  These  changes  occur before the 
increase  in  non-protein  nitrogen  noted  by  Tileston  and  Comfort,* 
Whipple, ~ and others. 
Likewise we have  found  that  there  is  a  marked  rise  in  the  non- 
protein  nitrogen  of the blood after  the pylorus is ligated.*  The in- 
crease follows the fall in chlorides and the rise in CO,-combining power 
previously found by MacCallttm, 5 Hastings, 6 McCann, 7 and others. 
The similarity of the chemical changes in the blood, and the clinical 
course and  outcome following obstruction  of the pylorus and  of the 
intestine at high levels, indicate that  the intoxication in the two con- 
ditions is fundamentally  the  same.  Experimental  observations  sug- 
gest that the fall in chlorides is concerned in some way with the pres- 
ence  and  activity of  the  body primarily  responsible for the  protein 
destruction  and  resulting  toxemia.  An  intoxication  has  been  pre- 
1 Haden, R. L., and Orr, T. G., J. Exp. Med., 1923, xxxvii, 365. 
2 Tileston, W., and Comfort, C. W., Jr., Arch. Int. Med., 1914, xiv, 630. 
8 Cooke, J. V., Rodenbaugh, E. H., and Whipple, G. H.,  J. Exp. Med.,  1916, 
xxiii, 717. 
* Haden, R. L., and Orr, T. G., J. Exp. Med., 1923, xxxvii, 377. 
6 MacCallum, W. G., Lintz, J., Vermilye, H. N., Leggett, T. H., and Boas, E., 
Bull. Johns Hopkins Hosp., 1920, xxxi, 1. 
6 Hastings, A. B., Murray, C. D., and Murray, H. A., Jr., J. Biol. Chem., 1921, 
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vented in the dog with the duodenum completely obstructed, for as 
long  as  28  days  by furnishing  an  ample supply of chlorides.  The 
chlorides are in some way utilized.  Such facts indicate, we believe, 
that the action of the chlorides is essentially protective.  8 
MacCallum  5 and others have interpreted the fall in chlorides and the 
rise in COs-combining power in pyloric obstruction as due to a loss of 
chlorides through vomiting.  The same explanation might be offered 
for the diminution in chlorides after the intestine is obstructed.  With 
the vomiting which occurs after such an obstruction some chloride is, 
of course, lost.  We have shown, however, that rabbits--animals which 
cannot vomit--show the same changes.  The characteristic changes 
have been observed also in one patient who did not vomit at any time, 
and repeatedly in dogs in which there was no significant loss of chlo- 
rides in the urine or vomitus.  It has been shown also that in star- 
vation alone there is no fall in chlorides. 
To determine if possible just what effect the loss of chlorides through 
vomiting has on the course of the intoxication, we have followed the 
chemical changes in the blood of the dog after ligation of the esophagus 
and of the cardiac end of the stomach.  Such operations obviously 
rule out any loss of chlorides by way of the stomach.  The experi- 
ments have yielded some unexpected and interesting data. 
Method. 
The animals have been kept in metabolism cages during the experi- 
ments.  No food was given for 2 to 4 days before the operation.  All 
operations were done under ether anesthesia with aseptic technique. 
Blood for chemical analysis was obtained from the jugular vein before 
operation and usually at 12 hour intervals thereafter until the experi- 
ment was ended by the death of the animal.  No food was given after 
operation, except as indicated in the tables.  Eleven dogs have been 
used in the experiments proper and seven as controls.  In six animals 
an obstruction was effected by tying tape around the cardiac end of the 
stomach as close to the lower end of the esophagus as the condition 
permitted.  In two  the esophagus was ligated through the medias- 
tinum just above the diaphragm and in three the obstruction was made 
in the neck. 
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The non-protein nitrogen,  sugar,  and creatinine have been deter- 
mined by the method of Folin and Wu, 9 the CO2-combining power of 
the plasma by the method of Van Slyke and Cullen,  I° the urea nitrogen 
by the Van Slyke and Cullen modification of the Marshall method,  ~l 
and  amino-acid  nitrogen  by  the  method  of  Folin;  12  the  chlorides 
have been determined on the tungstic acid filtrate in the manner sug- 
gested by GettlerY 
OBSERVATIONS. 
Four  of  the six animals with  the cardiac end of  the  stomach ob- 
structed died within 36 hours after the operation.  One lived 48 hours, 
and one  72  hours.  At autopsy the ligature was intact in every in- 
stance and there was no peritoneal infection.  In no animal was the 
cardiac opening completely occluded.  In most instances a lead pencil 
could be passed through.  The stomach usually contained a moderate 
amount of. fluid.  The gastric mucosa and the duodenum always ap- 
peared normal.  Two dogs which died 24 hours after operation showed 
no significant blood changes.  Four dogs showed a marked rise in non- 
protein nitrogen  and  urea nitrogen.  In  one  (No.  1)  there  was  an 
increase of the non-protein nitrogen from 22.4 rag. to 104 mg. within 
24 hours.  The creatinine rose in two, the uric acid in two, and the 
amino-acid nitrogen in all, with one exception.  The only dog showing 
a well marked fall in chloride was one which lived 3 days.  The chlo- 
rides had fallen to a low level 36 hours after operation.  Two animals 
showed a slight rise in CO2-combining power, while in three there was a 
fall.  The results of the blood analyses are shown in Table I. 
Dog  1,  24  hours  after  the  operation,  showed extreme salivation, 
rapid respiration,  and restlessness.  The other animals were  listless 
and drowsy.  No muscle tremors or convulsive attacks were  noted. 
The obstruction of the esophagus was effected by ligating with heavy 
tape.  The results of the blood analyses are shown in Table II.  The 
animals lived from 1  to  3  days.  A  marked increase in non-protein 
9 Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii. 81. 
10 Van Slyke, D. D., and CuUen, G. E., J. Biol. Chem., 1917, xxx, 289. 
11 Van Slyke, D. D., and Cullen, G. E., J.  Am. Med. Assn., 1914, lxii, 1558. 
l~ Folin, 0., J. Biol. Chem., 1922, li, 377. 
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TABLE  I. 
Chemical Changes in the Blood of the Dog after Ligation  of the Cardiac End of the 
Stomach. 
d 
Blood. 
Amount per 100 co. 
,-  o 
vol. 
rag.  mg.  mg.  mg.  mg•  mg.  mg.  percent 
Before.  22.4  7.0  0.6  1.2  6.4  71  440  33.8 
1  104.C  64.4  2.4  2.5  9.5  61  440  22.6 
Before.  24.4  8.9  2.4  1.6  8.1  75  500  33.4 
0 p.m.  9.3  480  38.1 
1 a.m.  29.7  14.0  2.4  1.4  8.5  85  490  34.3 
Before. 
0 p.m. 
1 a.m. 
24.4  9.8  2.0  1.5  7.2  87  500  34.3 
O.0  500  35.3 
27.0  12.6  2.8  1.1  7.2  75  490  34.3 
Before.  30.3  9.3  2.0  1.3  6.1  70  490  28.7 
l a.m.  40.0  20.1  1.3  5.3  80  450  35.3 
p.m.  65.5  32.7  1.3  1.4  6.3  66  430  39.0 
2 a.m.  102.5  61.6  3.2  1.9  7.4  111  440  35.3 
p.m.  170.6 102.3 
Before.  27.7  14.9 
1  a.m.  31.6  6.1 
p.m.  40.0  21.0 
2a.m.  131.0  65.1 
p.m.  142.6  57.4 
3p.m.  162.0  84.1 
Before.  37.5  14.5 
la.m.  57.5  27.1 
p.m•  97.3  47.6 
8.3  480  19.2 
1.6  5.9]  66  420  52.2 
1.5  8.0  93  37C  48.5 
1.5  7.5  67  290! 52.2 
1.9  9.2  133  37C  60.7 
1.8  8.2  100  39C  40.0 
2.1 14.1  128  350  30.5 
1.4  6.5  83  360  52.2 
1.5 10.0  390  50.4 
1.611.1  154  400  74.9 
Operation. 
Ligation  of  cardiac  end 
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nitrogen r ~d urea nitrogen occurred in two dogs, a slight increase in a 
third one, and none in the fourth.  In all there was a fall in CO=-com- 
bining power  and chlorides.  Little change was noted in the  other 
constituents.  In  two animals the vagus nerves were  cut when the 
esophagus  was  ligated.  These  showed  changes  similar  to  those  in 
which the nerves were left intact• 
TABLE  II. 
Chemical Changes in the Blood of the Dog after Ligation of the Esophagus. 
10 
0 
1 
2 
3 
Blood. 
Amount t~r 100 co, 
~ag. 
37.2 
45.~ 
91.2 
144.! 
38.! 
38.2 
40.( 
29., 
55A 
423 
I  33.: 
'167.( 
•  =  "~, 
t,  tg.  [ mg. 
23  35"2 8 
12.60 3.7 
4.5 
02.27 4.0 
16.81 3.5 
14.94 3.4 
18.20 3.0 
14.71 1.5 
23.35[2.3 
21.41 2,0 
11.7  2.2 
56.0  2:0 
rag. rag. 
1.2 g.5 
1.C  5.7 
1,3 3.0 
2.3 7.2 
1.2 5.8 
1.(3 5.8 
1.6 1.6 
1.2 5.3 
t.o s.7 
1.~ 5.8 
1.2 5.61 
1.5 ~.4 
~.  mr. 
L05 470 
.03 430 
.33 400 
~18 390 
D9 450 
El5 4O0 
.O3 400 
48 470 
18 455 
.22 425 
i 
VOl. 
~er cen 
38.1 
32.8 
24.2 
38.1 
34.3 
25.8 
28.7 
31.5 
21.1 
40.0 
18.3 
Operation. 
Ligation of esophagus in neck. 
Ligation of esophagus in neck and 
section of vagi. 
LigatJon  of  esophagus  in  thorax 
and section of vagi. 
DISCUSSION. 
These results  indicate  that  a  fatal intoxication ensues  after  the 
cardiac end of the stomach or the esophagus is obstructed.  The clini- 
cal course is more rapid and the blood changes are more marked than 
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TABLE  III. 
Chemical Findings in the Blood of the Dog after Abdominal  Operations Other Than 
Obstruction of the Gastrointestinal Tract. 
d 
11 
12 
13 
14 
mg.  rag. 
]6.8 14.01 
]9.1i13.30 
37.5 17.75 
3~. 6:13.08 
]8.5]  6.07 
~6.6 12.61 
34.1 10.74 
]6.1  4.67 
!8.5 12.14 
~0.0 t0.74 
~7.5  9.34 
~9.7 t4. O1 
!8.2  tO.2L 
~8.9 t3.54 
~1.4  8.87 
t3.54i 
~4.91 [3.54 
L1.68 
~5.3  9.81 
~3.3 t2.14 
',8.0  [2.61 
:0.2t  8.871 
:2.9  13.54 
~6.1 tT.7S 
:0.6.!1.01 
~7.5  9.34 
:1.0  t4.01 
;0.6  8.4 
Blood. 
Amount per i00 cc. 
rag.  rag.  rag. 
1.8  1.3  7.6 
1.9  1.1  6.8 
1.3  7.2 
1.2  5.7 
1.7  1.3  7.2 
1.8  1.3  5.0 
1.1]  6.2 
1.61 
1.4  1.81 9.0 
1.3  2.1]  9.7 
2.9  2.0111.2 
1.5  2.7i12.2 
1.3  1.2[  7.3 
1.4  I. 1]  6.6 
1.7  0.51 6.61 
1.5  1.Of 6.5 
3.2  2.11 9.71 
3.6  2.0[ 
2.2  1.71 8.01 
2.7  2.1I[1.2] 
1.7  1.11 6.51 
1.7  1.11 6.3J 
2.4  1.21 6.3] 
2.2  1.3]  5.3[ 
1.5  2.0!tl.21 
1.60  1.9t  6.1] 
1.4  2.11 7.1[ 
2.7  1.9[  6.4[ 
e~ 
~o 
--I 
rag 
104 
8C 
86 
98 
74 
83 
73 
125 
86 
24 
44 
140 
55 
108 
67 
98 
56 
24 
62 
80 
67 
128 
128 
t02 
111 
1021 
v 
VOI. 
ng  per cer, 
~7  38.1 
~1  41.9 
41  39.0 
~2  40.0 
~2  42.0 
t2  39.0 
14  37.4 
i2  41.9 
52  25.4 
51  32.4 
51  46.6 
t7  40,1 
53  32.4 
D  34.3 
~1  39.0 
50  46.6 
[8  35.6 
~5  28.7 
~0  26.8 
~9  32.8 
t8  34.3 
[6  33.4 
k9  36.2 
L9  39.0 
~7  38.1 
~6  43  9 
~7  38.1 
[4  43.8 
Ogeration. 
Partial pancreatectom  5 . 
Splenectomy. 
Appendectomy. 
Enteroenterostomy. RUSSELl.,  L.  I-r_.ADEN  AND  THOMAS  G.  0RR 
TABLE III.-  Concluded. 
483 
14 
15 
16 
17 
Blood. 
Amount per 100 co. 
I 
=  l 
=  o  .~  "~ 
29.1 17.75  1.3 
47.6 24.52  1.7 
40.6  8.41  2.3 
I  35.3  7.47 
37.8 11.68  3.2 
34.0 19.62  2.8 
28.5 13.54  2.4 
35,3 15.4  2.1 
'21.4  7.0  2.1 
57.030.8  2.5 
37.5 16,8  1.~ 
54.619.15  1.( 
)  26.5  6.07  1.( 
2  ~.012  61  2.,~ 
3  3'3.7 13 54  ! 1.~ 
4  34.1 14 5  1.1 
5  ,21"8 10,74  2A 
6 
7  124.0 6.07  1.4 
Before.  '31.0  8.41]  2.~ 
1  '54.617.28  2.~ 
2  40.0 13.54  2 .,~ 
3  32.011.2  i  1.g 
4  23.0  4.9i  1.~ 
5  25.0  7.01:  1.( 
76  29.4 14.48  2.( 
8  30.9i21.01!  2.~ 
i  li 
4 
rag,  rag.  rag.  I  rag.  percent 
•  31  2.0  9.7  671460  43.9 
.7 i 1.8  7.7  391430  36.2 
2,3  1.8  6.8  541460  30.9 
!1.3  8.2  76  510  40.9 
3.2  1.1  8.7  76  430  43.8 
2.8  ! 1,2  7.(]  95  415  39.0 
2.41  1.4  7.(] 121  420  47.5 
2.1  149  420  43.0 
2.1  1.3  8.7  98  420  43,0 
2.5  1.311.1  86  50(] 32.6 
1.9  1.0  8,7  440  47.8 
1.6  2.4  7,5  93  510  43.9 
1.0  1.6  6.4  64  410  43.0 
2.3  2.3  7.1  81  41(] 44.9 
1.2  1.8  5.9  51  40(] 46.7 
1.1  1.7  6.1  62  38(] 49.5 
2.3  1.9  5.~  71  430  51.4 
1.4  1.7  4.8  460  34.7 
2.2  1.2  8.2  80  440  34.3 
2.5  1.2  7.(] 109  480  32.4 
2.5  1.2  6.3  97  440  32.4 
1.9  1.4  6.0  91  4443 40.9 
1.9  !82  440  30.5 
1.0  1.1  6.81 98  385  40.1 
2.0  1.(} 6.9  72  48(] 42.0 
2.3  2.(]  7.6  480  43.9 
Operation. 
Feeding begun. 
Cholecystectomy. 
Feeding begun. 
Gastroenterostomy. 
Nephrectomy. 
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There is a severe toxemia as evidenced by the high level of  the non- 
protein nitrogen in  the blood.  It  would  seem that the toxic agent 
must have arisen distal to the obstruction. 
To determine whether such changes as these might not occur after 
other types of abdominal operations, we have made daily analyses of 
the blood of the dog after a partial pancreatectomy, a splenectomy, an 
appendectomy, an enteroenterostomy, a  cholecystectomy, a  gastro- 
enterostomy, and a nephrectomy.  No significant changes have been 
observed.  The results are shown in Table III.  Recovery followed 
the ordinary course in every case. 
Sweet and his coworkers  14. 1~ have shown that a poison which seems 
to be identical with that obtained from an obstructed intestine in high 
intestinal obstruction may be demonstrated in the intestinal content 
in  conditions  other  than  actual  obstruction,  as,  for example, after 
the intravenous injection into normal animals of toxin from cases of 
high obstruction, after the removal of the adrenal, in acute pancreatitis, 
in mesenteric thrombosis, and in acute experimental non-bacterial peri- 
tonitis.  They consider that an identical poison may be elicited in any 
of  the  conditions  cited.  We  believe  that  pyloric  obstruction  and 
obstruction of the cardiac end of the stomach and of the esophagus 
should  be  added as  conditions  capable  of  inducing a  similar  toxic 
substance. 
The mechanism through which the toxic substance is produced is of 
the greatest interest.  In ligating the cardiac end of the stomach the 
vagus nerves which suppIy the secretory fibers to  the stomach and 
duodenum are  caught.  The  question  came  up  as  to  whether  the 
results  obtained in  the experiments might not  be  due  to  some ab- 
normality of digestive secretion induced by the pressure of the ligature 
on the vagus nerves.  In two animals the esophagus was  obstructed 
without including the vagi.  One exhibited a most marked rise in non- 
protein nitrogen.  In  two  other animals  the esophagus  was  ligated 
and the vagi were cut, and the same change was observed.  The  ex- 
planation for the toxemia is not apparent. 
14 Sweet, J. E., Peet, M. M., and Hendrix, M., Ann. Surg., 1916, lxiii, 720. 
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SUMMARY. 
Ligation of the cardiac end of the stomach or of the esophagus in ten 
dogs produced a severe toxemia, and rapid death. 
In seven of the animals there occurred a marked rise in the total 
non-protein nitrogen and urea nitrogen of the blood. 
The dogs living longest with cardiac obstruction showed a  fall in 
blood chlorides and a rise in the C02-combining power of the plasma. 
.M1 the dogs with an obstruction of the esophagus showed a fall in blood 
chlorides. 
Control animals subjected to other types of abdominal operations 
showed no significant changes in the blood. 